Introduction and Project Overview
Recreational shellfishing is a significant contributor to the economy of Barnstable County and Massachusetts as a whole. The work presented herein estimates the consumer demand for recreational shellfishing on the Cape and provides a comparison with a similar study conducted in 1975. We hope that the economic data presented can be used by planners, government officials, and the general public to make informed decisions regarding management of this resource.
The research work followed closely the methodology used in a previous study, " An Economic Valuation of Recreational Clamming in Massachusetts", by Richard W. Smith, Jon M. Conrad and David A. Storey, Massachusetts Agricultural Experiment Station, Research Bulletin No. 654/April, 1978. At the outset, specific project goals were identified including:
• Develop and conduct a survey of current recreational shellfishers in Barnstable County • Report summary statistics of the survey data • Derive demand curves for estimating the value of shellfishing • Statistically analyze the importance of variables thought to influence value • Project the survey results to estimate total Consumer Surplus value for all of Barnstable County
The focus of the survey covers the 15 towns of Barnstable County, Massachusetts. The types of data collected included:
• Town Shellfish permit statistics -Resident and Non-resident licenses sold and price of licenses • Identifying any unusual features of shellfishing activity relevant to the year studied.
• Individual shellfisher data including: town of residence, residence status, number of people using permit, frequency of use, number of years of shellfishing, travel distances, harvesting effort, catch statistics, and estimates of the value of shellfishing.
The 1975 study covered specifically: softshell, quahog, surf/sea and razor clams. This research added oysters and scallops to this list.
Section 2 of this report describes the conceptual basis of the analysis. The survey data are summarized in section 3. The next three sections contain the estimation of aggregate demand curves, investigation of factors causing differences in valuations across individuals, and calculations of consumer surplus leading to estimates of the total value of recreational shellfishing on Cape Cod.
Conceptual Basis and Research Methodology

Survey Design
The survey instrument used in the 1975 study of Recreational Clamming in Massachusetts was modified for use in the 2002 study detailed in this report. The new survey was reviewed and tested by the Barnstable County Cooperative Extension shellfish team. The final document is included as Appendix 1.
Survey Population
One goal of this work was to estimate the value of recreational shellfishing activity for all of Cape Cod. The survey technique employed initially was a phone survey, intended for a random sample of shellfish permit holders across Cape Cod. Listings of shellfish permit holders were requested from all 15 Cape Cod communities, but were not obtained for at least two towns, Chatham and Mashpee. Valid responses were obtained from 12 of the 14 towns that issue Shellfish permits (Sandwich does not issue town shellfish permits). Bias resulting from omission of two towns is not expected to materially alter the results presented.
The phone survey technique involved a one-time mailing to randomly selected shellfishers including an explanatory cover letter and a return post card indicating acceptable dates and times that the respondent might be contacted. The 1975 study included two such mailings. Phone surveys obtained 45 survey responses.
Due to cost and time constraints involved in the telephone survey method, it was decided to augment this collection method with written surveys, handed out through town shellfish offices to renewing shellfish permit holders and new permit purchasers, and through field surveys administered on clam flats. Eightyfive additional survey responses were obtained from surveys handed out through shellfish offices and 103 responses were collected through field surveys resulting in a total of 233.
Analysis Methodologies
A primary goal of this work was to estimate the value of recreational shellfishing on Cape Cod. The most easily obtained measure of this is to simply sum the purchase price of every shellfish permit sold. Shellfishing permit sales data for each Cape Cod town are presented in Section 6. However, this measure, by itself, leaves off any additional value that individuals place on the shellfishing activity. In the course of a purchase decision, the rational consumer will choose to proceed with a purchase only if the perceived value of the product exceeds the price charged. A purchase simply indicates that the consumer places a value on the product or service at least as large as the purchase price. Values exceeding the purchase price are known as consumer surplus, see Two questions included in both the 1975 and 2002 surveys attempt to provide an estimate of this consumer surplus. These questions were posed to elicit the shellfisher's willingness-to-pay (WTP) to obtain the right to shellfish, and, alternatively, their willingness-to-accept-payment (WTA) to give up their right to shellfish (in a case where they already own a shellfish permit).
Data collection and aggregation
Respondents were posed with the following questions:
"In the next two questions, we are asking you to give an opinion on the value of a shellfish permit. When giving your estimate you should assume that: a) the shellfishing conditions will be the same as this year, and b) if you choose to surrender a permit you already own, you will not be able to go shellfishing for the remainder of the year, and c) the answers you give will have no effect on future pricing of shellfish permits.
14) Suppose you already hold a permit for next year. How much would you have to be paid to give it up? ______ 15) Suppose you have not yet purchased next year's permit. What is the MOST you would be willing to pay for the permit? ______"
Considering the entire population of residents of the 14 towns, each household either purchases a single shellfishing permit or does not. We have sampled only from that part of the population that actually purchased a permit at the posted price. They were asked at what price they would still be willing to purchase (WTP) and also willing to give up a permit acquired at a lower price (WTA). The response to each question was cumulated separately over the entire sample, starting with the highest offer price, at which only one permit would be purchased (or given up), q = 1. When the price is dropped to the secondhighest offer price, then two permits would be purchased (or given up) at that price, q = 2. The process was repeated through the entire sample and that quantity of permits is demanded at the lowest offer price. If the respondents are rational, the lowest offer price will be no lower than the actual price in the town with the cheapest permits.
The process just described traces out a demand curve similar to that in Figure 2 .1. This empirical demand curve could have been used directly to arrive at the value of shellfishing on Cape Cod. We did not take this direct approach for two reasons (1) the sample is small relative to the population and so would be unlikely to include the small proportion of people on the end of the distribution, those willing to pay or accept the highest prices, and conversely (2) if the sample does include a member of the end of the distribution, that individual will have excessive influence when the conclusions from the sample are scaled up to the entire population. By removing any highly unusual responses that would lead to situation (2), then smoothing the empirical demand curve with a fitted regression line, we expect to achieve a more accurate estimate of value.
Empirical demand curves were derived for residents separately for WTP and WTA. The process was repeated for non-residents and seniors.
Aggregate Demand Curve estimation
The functional form for the demand curve used for the 1975 analysis was log-linear, in the following form:
where, q = quantity demanded, p = price, and α and β are parameters to be estimated in the regression equation that follows, after applying the logarithmic transformation to both sides of the equation.
where γ = ln(α), ε = random error term. Expected signs are γ>0, β<0.
Our analysis included an investigation of the fit for three alternative functional equations. First, in addition to the functional form used in the 1975 study, we ran an alternative form adding a squared price term to the equation as follows: where γ = ln(α) and expected signs are γ>0, β 1 <0, β 2 >0.
Secondly, we re-formulated the demand equation swapping the p and q variables. That is, we tested the demand form where p is a function of q, in both a simple log-linear form, and using a squared term as above.
P= α e βq , yielding a formula for regression:
where γ = ln(α). And the last form: 
where γ = ln(α).
2.3.3 Regression of explanatory variables on Willingness-to-Pay and Willingness-to-Accept-Payment
The demand curve estimation can be used as input to the calculation of consumer surplus, and an overall value of recreational shellfishing, but in itself provides little insight into the factors that might impact how individuals value the activity. The 1975 study included a log-linear model with the dependent variable being the responses to the WTP or WTA questions and including 10 different independent (explanatory) variables. These variables were: distance to flats, average catch per trip, total harvest, age, number of additional recreational activities engaged in while clamming, clamming trips per year, number of years permit has been purchased, fee paid to obtain permit, town expenditure on shellfish program and annual family income.
The 1975 analysis performed three separate regressions, one for willingness to surrender (accept) for all respondents combined, and two willingness-to-pay regressions, one for residents and a second for nonresidents. Each variable was found to be significant at the 10% level or better for one or more of the models, but only three variables were found to be significant in all models. These three were number of trips per year, years permit was purchased, and annual income.
We performed a similar analysis with 2002 survey data, dropping some of the variables covered in the 1975 study, as these data were not collected. The model used the following form:
where Y p = WTP or WTA α are parameters to be estimated X 1 -X 6 are the independent variables X 1 = LEN, Travel Distance (miles) X 2 = QUA, Total Quahog Catch in 2002 (bushels) X 3 = TRIP, Number of trips per year X 4 = YRS, Number of years permit has been purchased X 5 = FEE, Permit fee paid ($) X 6 = INC, Reported Household Annual income ($1,000s), and U p is a randomly distributed error term.
This yields a formula for regression:
Ln (p) = γ + α 1 ln(X 1 )+ α 2 ln(X 2 )+ …+ α 6 ln(X 6 ) + ε , where γ = ln(α 0 ) and ε is a randomly distributed error term.
Expected signs for parameter estimates are as follows:
Travel Distance (+) In concert with travel cost analysis, we hypothesize that the greater the travel distance, the higher the value of the shellfishing permit.
Quahog Catch (+) We hypothesize that individuals with higher catch levels, place a higher value on the permission to shellfish.
Number of Trips (+) Similar to the catch size hypothesis, the more trips made, the higher the value.
Number of Years Permit purchased (+) The longer an individual has been purchasing a permit is expected to be positively correlated with value.
Fee Paid (+, ?) The fee paid may be positively correlated with WTP estimates (individuals currently paying high fee may make higher WTP estimates vs. individuals paying lower fees) but should not influence WTA estimates as these are not bound by any income constraints.
Income (+, ?) Again, WTP estimates are expected to be positively correlated with Income levels, but this may not hold for WTA.
Estimating Total Consumer Surplus
With an estimated demand curve one can next develop a measure of the consumer surplus, Area A, in Figure 2 .1, measures the excess value that shellfish permit buyers place on their permit above and beyond its purchase price. Consumer theory points out that buyers will not purchase an item unless they perceive that its value is at least as great as its selling price.
As will be discussed in section 4, the functional form selected for analysis was of the following form:
The estimate of consumer surplus is made by calculating the area under the curve above the permit price, as follows:
2( p* *p* ) P*ˆe dp ∞ β +β α ∫ , with p* being the actual permit price, and α, β 1 and β 2 being the estimated parameters.
One characteristic of this functional form is that for β 1 <0 and β 2 >0 the integral becomes indeterminate due to the squared term. For large values of p, the squared term dominates and the demand curve begins to bend outward from the y-axis. As discussed in section 4 we discovered that the formulation including the squared p term provided a better fit for the data over the observed range. We chose to truncate the integral for estimating the area A of Figure 2 .1 at the point where the function of p is minimized.
Next, to provide town-wide estimates of consumer surplus, the areas calculated using the sample data are scaled up by the ratio of the actual number of permit holders in the town divided by a fitted n*. This represents an estimate of the number of survey respondents in the sample population who are willing to pay a given permit price p. That is Where A is calculated by the integral above, N is the actual number of permit holders in that town of that residency type, and n* is the fitted n from the sample data.
The Mathematica ™ software program was used evaluate the estimate of A for each of the sample populations (Resident, non-resident, and senior permit holders).
Survey Results -Summary Statistics
Results from each of the survey questions are presented in this section. Refer to Appendix 1 for a copy of the survey instrument.
3.1Town in which the permit is held Shellfishers were asked two questions concerning the value of a shellfish permit. As discussed in section 2.0 consumers often place a value higher than the purchase price for any given product or service. The first question posed focused on WTA as follows:
14) Suppose you already hold a permit for next year. How much would you have to be paid to give it up? ______ A total of 145 people responded to this question, and 4 of these were dropped as outliers, in excess of 3 standard deviations from the mean response. The remaining 141 useable responses had a mean value of $316 and median and mode values of $100. 
Dollars per permit
Number of Responses
The second question focused on the WTP. 
Dollars per permit
Number of responses
Finally, survey respondents were asked to indicated their household income, in a fixed set of ranges.
Responses are listed below in Figure 3 .14. Annual Household Income
Number of Responses 4 Estimating Demand Curves
Willingness to pay data was analyzed using four different functional forms as follows:
Model 1 -Ln (q) = γ + βp + ε, where γ = ln(α) (which is the same form used in the 1975 study).
Model 2 -Ln (q) = γ + β 1 p + β 2 p 2 + ε, where γ = ln(α)
Model 3 -Ln (p) = γ + βq + ε, where γ = ln(α)
Model 4 -Ln (p) = γ + β 1 q + β 2 q + ε, where γ = ln(α)
Regressions were performed using SAS®. First, Resident WTP data was used to generate parameter estimates with results as shown in Table 4 .1. Hypothesis testing of ordinary least squares regression results is performed with an assumption of normality of the residuals resulting from the regression. The model results were tested for normality of the residuals and the hypothesis of normality was rejected, due to both skewness and kurtosis of the residuals. Due to the nature of the data, in particular grouping around the benchmark prices noted above, it is unlikely that any techniques can be applied to correct for this result. However,we do not anticipate that this lack of normality will detract from the general results of this research. We also note that in using model results to estimate consumer surplus, the model 1 and 2 formulations were internally consistent, as were the model 3 and 4 results. However, the model 3 and 4 results consistently provided a lower estimate of the area of consumer surplus when compared to the model 1 and 2 results. Parameter estimates were generated for resident, non-resident, and senior permit holders separately. As with in the 1975 study, we performed a test to determine whether the data could be pooled, that the behavior of residents, non-residents and seniors was identical. The following hypothesis test was proposed:
H 0 : γresident = γnon-resident = γsenior β 1 resident = β 1 non-resident = β 1 senior and β 2 resident = β 2 non-resident = β 2 senior and Ha : the parameters are different across resident types A restricted model (using pooled data) was estimated as was an unrestricted model allowing all parameters to vary by residency type. Results of an F-test rejected the null hypothesis of similarity across residency types, and therefore parameters were estimated for WTP and WTA for each separate residency type. Results of the WTP regressions using Model 2 are shown in Table 4 .2. Results are significant (α < 1% level) for all parameter estimates with the exception of the p-squared term for the non-resident data. All parameter estimates have the expected signs and magnitudes are consistent with the previous study results. The insignificant result of the parameter estimate for the squared term in the nonresident data may be due to the grouping of data around the benchmark price points. This group also had the smallest sample size.
WTA Regression results are shown in Table 4 .3. .943 Standard errors in parentheses, followed by significance level All parameter estimates are significant at the 5% level and with the expected signs. As with the 1975 study, the survey respondents WTA values were consistently higher than their stated WTP. This also resulted in more spread in the data with the WTP values ranging from $3 to $200, and the WTA values ranging from $5 to $10,000.
Analysis of Individual Responses
The questionnaire used for the 2002 survey included many of the same questions used in the 1975 study. Similarly, we are able to test the effect of a number of causal variables on the respondents Willingness-topay and willingness-to-accept payment estimates. Table 7 .2 INC Stated Household Income Figure 3 .14 The dependent variables used were the responses to WTP and WTA. All variables were transformed into logarithms.
Willingness-to-Pay -Explanatory Regression Results
Figure 5.1 shows the regression results for the WTP analysis. A test for pooling across residency types failed to reject the hypothesis that responses from Resident, Non-resident and seniors were similar. All the significant variables were consistent with their expected sign, that is higher levels of each of the variables translated into a higher stated WTP. Overall the model is rather weak in explaining the level of an individual's willingness to pay. All variables showed a positive relationship with WTP as predicted. Results from the 1975 study also found significance for quahog catch (non-residents), number of trips, fee paid, and income level.
The 1975 study also conducted two separate WTP regressions, one for Residents and another for Nonresidents. In 1975 catch was found to be positive and significant only for non-residents. Number of trips, fee paid, and income level were all found to be positive and significant for both types.
The variables representing distance traveled to flats, and years permit was held, were found not to be significant in the current, 2002, analysis. The 1975 analysis did find significance for distance traveled for non-residents, but with a negative sign. Number of years the permit was held was found to have a negative influence on WTP values in the 1975 study.
Willingness-To-Accept Compensation-Explanatory Regression Results
Significant variables resulting from the WTA analysis were:
• Distance traveled to flats (residents, seniors)
• Number of shellfishing trips in the prior year (residents)
• Years permit held (seniors)
• Income level (residents, seniors)
Differing from the WTP analysis, the WTA data and test for ability to pool across residency types rejected the null hypothesis of similar parameters across residency types. Therefore an unrestricted model was specified allowing parameter estimates to vary by residency type. This model is sensitive to the specification of outliers. As noted in the next section, outliers were defined as being at least 3 standard deviations distant from the mean of all responses. For WTA, this still left one senior estimate of $10,000 which was notably higher than the next highest estimate of $1,500. Dropping the $10,000 data point from the analysis would have resulted in a failure to reject a null hypothesis of similarity. None of the parameters was significant for the non-resident data. This may be due to the small number of usable responses to the WTA category for non-residents, though three variables were significant for senior responses with an identical n=14. The senior equation shows that distance from the flats was a significant and positive factor, as predicted. This variable was also significant for residents, however the sign was negative, contrary to predicted, though the value of the parameter was small in comparison to the Senior estimated parameter (-0.0974 vs. 1.5379).
Seniors also showed that the number of years a permit was held had a positive and significant effect, though this was not a significant factor for the other two residency groups. Lastly, seniors indicated a negative income effect, contrary to the predicted insignificance of income as a factor in WTA. Residents also showed significance though the relationship had the opposite sign. The power of the WTA explanatory regression analysis, as was the case with WTP, was relatively weak.
Estimating Total Consumer Surplus for Barnstable County
Consumer surplus was first estimated for each town. Using the town's actual permit price, p*, we estimated the number of people out of the total sample who would have purchased a permit at that price, n*, then found the consumer surplus corresponding to this permit price using the formula in section 2.4.4. The sample consumer surplus value was then scaled to the town's consumer surplus value by the ratio of permits actually sold, N, to the sample number, n*. Results for each town are shown in table 6.1. By adding the actual revenues from permit sales to the consumer surplus estimate, the total value of shellfishing is obtained.
6.1 Willingness-To-Pay Estimates The consumer surplus estimate was based on the survey respondents' answers to the question:
"Suppose you have not yet purchased next years permit. What is the MOST you would be willing to pay for the permit?"
Smith, Conrad and Storey (1978) reviewed a number of critiques of Willingness-to-pay (WTP) and Willingness-to-accept (WTA) payment estimation techniques. The way that a question is posed and the amount of information provided to the survey taker can influence their response. Respondents can be accused of under-stating their WTP as a strategic move in the hopes that policy makers will keep permit prices low. Perhaps most importantly, responses to the Willingness-To-Pay question are thought to be constrained by the respondents income.
Willingness-To-Accept Payment Estimates
Differences often occur between WTP and WTA results. This was the case both in this study, and in the 1975 study. One possible explanation, as noted above, is presence or absence of income constraints. In the case of WTP, the respondent may bias their estimate of WTP downward to fit their perceived income constraint, whereas their response to the equivalent WTA question has no constraint. (Krutilla & Fisher, 1975) Differences between WTP and WTA can also be argued as stemming from a difference in property rights.
From the perspective of a town that previously had not allowed recreational shellfishing, the right to shellfish may be perceived as belonging to the town. In this instance the WTP question may provide a better estimate of true consumer surplus. However, as argued by Smith, Conrad and Storey (1978) , where towns have had a long history of permitted recreational shellfishing, and an alternative use of the shellfish flats is being considered, the appropriate value to use might be the WTA value. This value may more closely estimate the perceived loss-of-value that current permittees will experience if the right to shellfish is taken away by a competing use. Table 6 .2 shows consumer surplus estimates resulting from the answers to the WTA question:
"Suppose you already hold a permit for next year. How much would you have to be paid to give it up?"
The total value was estimated at $7.4 Million, which included actual permit revenues of $387,417 and an estimate of consumer surplus of $7.0 million. (1978) . Their data set was truncated at the $1,000 level ($1975 ) with any responses above that being left out. This study defined outliers using a 3 standard deviation rule. That is, any responses greater than 3 standard deviations from the mean were dropped. There were 2 responses placing the willingness-to-accept payment value at $500,000 and another 2 at $1,000,000, which were dropped from the analysis set. However, this still left one senior response at $10,000, which may bias the estimate of consumer surplus upward when compared with the 1975 analysis. The magnitude of this potential bias, however, is not expected to alter the research results in any substantial way. Of the total values, $387,000 is represented by actual permit fees collected. The remainder represents estimates of consumer surplus, which is the additional value that individuals place on shellfishing above and beyond the permit price.
The discrepancy between WTA and WTP estimates, though not unexpected, represents a problem for policymakers. Interpreting and using these results needs to be viewed in the context of the policy issue being considered. In cases where traditional fishing rights are being considered for transfer from their historic use as an open shellfishery governed by the use of town permits to some other use, then the WTA results may be the appropriate estimate of value to the community. However, in the alternative case, where new flats are being considered to be opened for shellfishing, the value of such opening of these flats may best be estimated using the WTP results.
Factors influencing an individual's estimate of the value of shellfishing
The regression analyses undertaken in both this 2002 study and in the previous 1975 study provided only weak explanation of the factors that influence an individual's valuation process for recreational shellfishing. The current study indicated that, for some resident types, significant factors influencing WTA value were:
• Distance traveled to flats (residents, seniors) In the next two questions, I am going to ask you to give your own opinion on the value of a shellfishing permit. For the first question, we will assume that you already own a permit and will be asked how much you would need to be paid to give it up. Second, we assume that you do not yet have a permit and you are asked how much you are willing to pay to purchase one.
When giving your estimate you should assume that: a) the shellfishing conditions will be the same as this year and b) if you choose to surrender a permit you already own, you will be unable to shellfish in any other town for the duration of the year.
c) The answers you give will have no effect on future pricing of shellfish permits. 
